UNITED STATES SPECIFICATION 



TO ALL WHOM IT MAY CONCERN: 

BE IT POSrOWN THAT WE, DR. WILFRIED VON AMMON, DR. RUDIGER 
SCHMOLKE, DR. ERICH DAUB, DR. CHRISTOPH FREY, 

all German citizens, reside at 

WANGHAUSEN 111, A-5122 HOCHBURG/ACH, AUSTRIA; 

WINDHAGER STRASSE 10, D-84489 BURGHAUSEN, GERMANY; 

NIKOLAUS-LEHMAN-STRASSE 16A, D-84547 EMMERTING GERMANY; 

LILIENWEG 20 D-84489 BURGHAUSEN GERMANY 
have invented certain new and useful improvements in a 

SEMICONDUCTOR WAFER MADE FROM SILICON AND METHOD FOR PRODUCING 

THE SEMICONDUCTOR WAFER 



of which the following is a specification. 



BACKGROUND OF THE INVENTION 



1> Field of the Invention 

The present invention relates to a semiconductor wafer 
made from silicon which has been derived from a single 
crystal which has been pulled from a melt using the 
Czochralski method (Cz method) . 

2 > The Prior Art 

A pulled single crystal of this type and a semiconductor 
wafer which has been separated therefrom generally have 
vacancy defects, known as voids. These agglomerations of 
vacancies cause problems during the fabrication of electronic 
components. It is known that, by tempering the semiconductor 
wafer in a pure hydrogen atmosphere at a temperature of more 
than 1100°C, the defects can be eliminated at least in a 
region of the semiconductor wafer which is close to the 
surface. 

According to investigations carried out by E. lino et 
al.^ which have been published in Materials Science and 
Engineering V 36 (1996) 146^ the presence of hydrogen when 
the single crystal is being pulled using the Cz method 
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induces a different type of defect in the single crystal • 
This type of defect is known as cavities, which may even make 
the single crystal unusable as a base material for the 
fabrication of electronic components. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to 
substantially eliminate difficulties caused by vacancy 
defects . 

The present invention relates to a semiconductor wafer 
made from silicon which is doped with hydrogen and has a 
hydrogen concentration which is less than 5*10^^ atcm"^, 
preferably less than 1*10^^ atoms cm"^ and particularly 
preferably less than 1*10^^ atcm"\ and greater than 1*10^^ 
atcm"^. 

The present invention also relates to a method for 
producing the semiconductor wafer by separating the 
semiconductor wafer from a silicon single crystal, the 
silicon single crystal being pulled from a melt, in the 
presence of hydrogen, using the Czochralski method, wherein 
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the silicon single crystal is pulled at a hydrogen partial 
pressure of less than 3 mbar. 

Although vacancy defects continue to arise in the single 
crystal and the semiconductor wafers separated therefrom when 
the method is used, the formation of cavities, as have been 
described by E. lino et al. , is not observed. A hydrogen 
partial pressure of less than 1 mbar is particularly 
preferred. The partial pressure should be kept as constant as 
possible while the single crystal is being pulled, so that 
hydrogen is uniformly incorporated in the growing single 
crystal in the desired concentration. It should be taken into 
account that some of the hydrogen is driven out of the melt. 

If the silicon single crystal is doped with hydrogen in 
the proposed concentration, the hydrogen, together with the 
vacancies, becomes supersaturated when the growing crystal is 
cooled. While the vacancies aggregate to form voids 
(microcavities) , the hydrogen enters the voids which form or 
have formed. It is important that the hydrogen concentration 
be selected to be sufficiently low for the supersaturation 
which occurs. Thus the supersaturation is sufficient only 
for the hydrogen to be incorporated within the voids, without 



- 3 - 



separate hydrogen precipitates being formed. The optimum 
hydrogen concentration depends on the cooling rate of the 
growing crystal. 

During further cooling, the hydrogen in the voids 
prevents the oxygen, which is likewise in a supersaturated 
concentration, from being able to oxidize the internal 
surfaces of the voids. Therefore, there is no layer of oxide 
formed, which otherwise is a significant factor in delaying 
the elimination of the voids by the heat treatment of the 
semiconductor wafer obtained from the silicon single crystal. 
A heat treatment of the semiconductor wafer may be at a 
temperature of approximately 1200''C and for a period of 
60 min in an atmosphere which must contain at most only 3% 
hydrogen. This heat treatment is therefore sufficient to 
eliminate the vacancy defects in the region of the 
semiconductor material in which electronic components are 
provided. 

In those cases in which the semiconductor wafer must in 
any case be exposed to the conditions outlined during the 
production of the components, it is desirable to dispense 
with the heat treatment of the semiconductor wafer. In other 
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cases, according to the invention a tempering step is to be 
carried out. For the tempering step, a heat treatment of the 
semiconductor wafer in a hydrogen- and argon-containing 
atmosphere is preferred, and a heat treatment in an 
atmosphere which contains 97% argon and 3% hydrogen is 
particularly preferred. The percent of argon and hydrogen is 
by volume based upon the total volume of the gaseous 
atmosphere . 

The temperature and duration of the heat treatment 
should be made dependent on the furnace which is used. In the 
case of a lamp-heated rapid thermal anneal furnace (single- 
wafer process), a heat treatment at a temperature of from 
1150°C to 1250°C, preferably 1200°C, and with a treatment 
duration of up to 60 seconds, preferably 30 seconds, is 
selected. When using a resistance-heated furnace (batch 
process), a temperature of from 1050°C to 1200°C, preferably 
llOO^'C, and a treatment duration of up to 60 min, preferably 
30 min, is to be selected. 

In each case, the invention makes it possible to 
dispense with tempering of the semiconductor wafer in a pure 
hydrogen atmosphere, with the associated safety problems, and 
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the duration of the tempering can be significantly shortened. 
The heat treatment may also take place under oxidizing 
conditions or may be combined with an oxidizing tempering 
step. 

Furthermore, it is advantageous for the volume of the 
vacancy defects to be kept as low as possible, so that they 
can subsequently be eliminated again relatively easily. This 
is preferably achieved by the silicon single crystal, during 
pulling, additionally being doped with nitrogen and subjected 
to forced cooling. A suitable nitrogen concentration is 
between 5^10^^ 5*10^^ atoms cm'^ The nitrogen 

concentration is preferably selected between 1 x 10^^ and 1 x 
10^^ atoms cm"\ Suitable dopants are NH3 or silicon nitride. 
The silicon nitride is preferably fed to the silicon melt in 
powder form or as a nitride-coated silicon wafer. A heat 
shield, which can preferably be cooled with water, is 
arranged around the single crystal in order to cool the 
single crystal. 

An apparatus of this type is disclosed, for example, in 
EP 0 725 169 Bl. The cooling preferably takes place in such a 
way that the period within which the single crystal which has 
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just been grown cools from a temperature of lOSO^'C to a 
temperature of 900''C amounts to less than 120 min. 

The semiconductor wafer which has been produced 
according to the invention is also particularly suitable as a 
substrate wafer on which an epitaxial layer is deposited. 

Accordingly, while a few embodiments of the present 
invention have been shown and described, it is to be 
understood that many changes and modifications may be made 
thereunto without departing from the spirit and scope of the 
invention as defined in the appended claims. 
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